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TRENCH WITH BURIED PLATE AND METHOD FOR ITS PRODUCTION 



Cross-Ref erence to Related Application ; 

This application is a continuation of copending International 
Application No. PCT/DEOO/02650 , filed August 3, 2000, which 
designated the United States. 

Background of the Invention ; 

Field of the Invention ; 
The invention lies in the field of integrated circuits. The 
invention relates to a trench capacitor and a corresponding 
production method. 

For discussion purposes, the invention will be described with 
reference to the formation of a single trench capacitor. 

Integrated circuits (ICs) or chips contain capacitors for 
purposes of the charge storage element, for instance, a 
dynamic random access memory (DRAM) . The charge status in the 
capacitor represents a data bit. 

A DRAM chip contains a matrix of memory cells configured in 
rows and columns, which are controlled by word lines and bit 
lines. The reading of data from the memory cells or the 
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writing of data therein is accomplished by activating 
appropriate word lines and bit lines. A DRAM memory cell 
typically contains a transistor that is connected to a 
capacitor. 



The charge stored in the capacitor dissipates over time due to 
leakage currents. Before the charge dissipates to an 
indeterminate level below a threshold value, the storage 
capacitor must be refreshed. For this reason, such memory 
\l 10 cells are referred to as dynamic RAM (DRAM) . Methods for 
producing memory capacitors are taught in the following 
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documents: United States Patent No(r^Sj^867 , 420jto Alsmeier, 
United States Patent No ./b , 065 , 273\to Rajeevakumar, United 



States Patent No ./^4 , 649 , 625 to Nicky C. Lu, United States 



Patent No .(^ 5 , 658 , 816^to Rajeevakumar, United States Patent No. 



5,512,767Jto Noble, Jr., United States Patent No.^ 5,869,868)to 



Rajeevakumar, United States Patent No^5,691,549 to Lam, et 



al.. United States Patent No.< 5,641,694) to Kenney, United 



States Patent No 5, 744 , 3 86^o Kenney, United States Patent 



20 No. (^5, 310, 698) to Wild, United States Patent No .^f 5 , 831 , 301) to 



Horak et al . , and (Europe Patent No. 0 949 680 A2" 
corresponding to United States Patent No . (b , 008 , 104^to 
Schrems . 
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A substep in the forming of a trench capacitor is the forming 
of a buried plate that forms the outer capacitor electrode. 
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The closest prior art with respect to the forming of the 



buried plate is "Eu ropean Patent Application 0 271 072, 
corresponding to United States Patent No^4, 755, 486^o 





Treichel et al . Typically, the buried plate is disposed in 
the lower region of the trench capacitor, and an insulating 
collar isolates the upper region of the trench. The object of 



the insulating collar is, among other things, to prevent 
leakage currents between the two capacitor electrodes of the 

p trench capacitor. It is, therefore, necessary that leakage 

Q 

SI 10 currents occurring as a consequence of dopant residues be 

avoided in the region of the insulating collar. The dopant 
residues emerge in the forming of the buried plate. 



The forming of a buried plate for the purpose of producing a 
Hjl5 trench capacitor is described in United States Patent No, 
5,618,751^to Golden et al . , which first describes that an 



■doped glas^ layer being deposited in the trench 



directly on the exposed silicon substrate. An undoped glass 
or ozonic TEOS is deposited on the arsenic-doped glass layer. 



Next, the trench is filled with garnish ) In the top region of 
the trench, the layers are removed again. Lastly, in a drive- 
in step at elevated temperature, the buried plate is formed by 
diffusion of the dopant out of the arsenic-doped glass. 



25 Summary of the Invention ; 
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It is accordingly an object of the invention to provide a 
trench with buried plate and method for its production that 
overcomes the hereinaf ore -mentioned disadvantages of the 
heretofore -known devices and methods of this general type and 

I 

that forms the buried plate such that dopant residues do not 
remain in the top region of the trench where the insulating 
collar is formed, and, thus, leakage currents that can 
discharge the trench capacitor are avoided. 

J 

With the foregoing and other objects in view, there is 
provided, in accordance with the invention, a method for 
forming a trench with a buried plate, including the steps of 
forming a trench in a substrate, the trench having a sidewall, 
an upper region, and a lower region, forming an undoped 
silicon oxide layer on the trench sidewall in the upper and 
lower regions of the trench, forming a doped silicate glass 
fill in the upper and lower regions of the trench, removing 
the doped silicate glass fill and the undoped silicon oxide 
layer from the upper region of the trench, and increasing 
temperature to diffuse dopant from the doped silicate glass 
fill into the substrate through the undoped silicon oxide 
layer and to form a buried plate in the substrate in the lower 
region of the trench. 

In the method according to the invention, a trench is etched 
in a substrate, and an undoped silicon oxide layer is formed. 
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on which a doped silicate glass fill is applied. In another 
advantageous step of the method according to the invention, 
the dopant diffuses from the doped silicate glass fill through 
the undoped silicon oxide layer during a temperature step and 
forms a buried plate . 

The underlying idea of the invention is to form an undoped 
silicon oxide layer below the silicate glass fill that 
delivers the dopant for the buried plate. As such, with the 
aid of oxide etching the doped silicate glass can be removed 
from the region of the upper trench in which the insulating 
collar is formed without leaving any residues. This result 
occurs because of the protective undoped silicon oxide layer, 
which keeps the dopant from the silicate glass fill away from 
the sidewall of the trench. With the etching process that 
removes the silicate glass fill and the undoped silicon oxide 
layer, the silicate glass fill is completely removed through 
the underlying undoped silicon oxide. 

In accordance with another mode of the invention, the doping 
of the undoped silicon oxide layer is less than 10^® cm'"^, and 
the doping of the doped silicate glass fill is greater than 
10 cm 
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In accordance with a further mode of the invention, at least 
one of the group consisting of boron, phosphorous, and arsenic 
is used for the doping of the doped silicate glass fill. 

5 In accordance with an added mode of the invention, the uridoped 
silicon layer is formed by thermal oxidation. 

In accordance with an additional mode of the invention, the 

M undoped silicon oxide layer is formed in an integrated 

□ 

® 10 processing step immediately prior to the deposition of the 
doped silicate glass fill. 

i 

H 
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In accordance with yet another mode of the invention, the 

5 

nJ undoped silicon oxide layer is deposited in an integrated 

O- 

Pl5 processing step immediately prior to the doped silicate glass 

fy 

fill. 



In accordance with yet a further mode of the invention, the 
undoped silicon oxide layer is formed to a thickness between 
2 0 0.1 and 2 5 nm . 

In accordance with yet an added mode of the invention, the 
trench having the doped silicate glass fill is filled with 
varnish, the varnish in the upper region of the trench is 
25 removed, the doped silicate glass fill and the undoped silicon 
oxide layer are removed in the upper region of the trench, the 
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remaining varnish is removed from the trench, an oxide cover 
layer is deposited and then temperature is increased to 
diffuse dopant into the substrate, and the oxide cover layer, 
the doped silicate glass fill, and the undoped silicon oxide 
5 layer are removed. 

In accordance with yet an additional mode of the invention, 
the oxide cover layer is removed and the doped silicate glass 
fill and the undoped silicon oxide layer are removed from the 
lower region of the trench. 

m 

In accordance with again another mode of the invention, the 
p trench having the doped silicate glass fill is filled with a 

m 

nJ sacrificial silicon material, the sacrificial silicon 

yi5 material, the doped silicate glass fill, and the undoped 



silicon oxide layer are removed in the upper region of the 
trench, temperature is subsequently increased to diffuse 
dopant into the substrate, an insulation trench layer is 
deposited in the upper region of the trench, and the 
20 sacrificial silicon material, the doped silicate glass fill, 

and the undoped silicon oxide layer are removed from the lower 
region of the trench. 

In accordance with a concomitant mode of the invention, a 
25 second undoped silicon oxide layer is deposited in the trench 
having the doped silicate glass fill, the trench is filled 
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with varnish, the varnish, the second undoped silicon oxide 
layer, the doped silicate glass fill, and the undoped silicon 
oxide layer are removed in the upper region of the trench, the 
varnish is removed in the lower region of the trench, and 
5 temperature is subsequently increased to diffuse dopant into 
the substrate. 

Other features that are considered as characteristic for the 

H= invention are set forth in the appended claims. 

Q 

Rio 

m 

^ Although the invention is illustrated and described herein as 

embodied in a trench with buried plate and method for its 
O production, it is, nevertheless, not intended to be limited to 

ru 

|y the details shown because various modifications and structural 
changes may be made therein without departing from the spirit 

lU 

of the invention and within the scope and range of equivalents 
of the claims - 

The construction and method of operation of the invention, 
20 however, together with additional objects and advantages 
thereof, will be best understood from the following 
description of specific embodiments when read in connection 
with the accompanying drawings . 

25 Brief Description of the Drawings : 
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FIG. 1 is a fragmentary, cross-sectional view of a first 
embodiment of a trench for producing a trench capacitor 
according to the invention; 

5 FIG, 2 is a fragmentary, cross-sectional view of the trench of 
FIG. 1 at a later time in the production method; 

FIG. 3 is a fragmentary, cross -sectional view of the trench of 

^ FIG- 2 at a later time in the production method; 

O 

pio 

FIG. 4 is a fragmentary, cross-sectional view of the trench of 



SI 
P 



FIG. 3 at a later time in the production method; 



ffl FIG. 5 is a fragmentary, cross-sectional view of the trench 

0L5 FIG. 1 at a later time in a second embodiment of the 

i 

production method; 

FIG. 6 is a fragmentary, cross-sectional view of the trench of 

FIG. 5 at a later time in the second production method; 

20 

FIG. 7 is a fragmentary, cross-sectional view of the trench 

FIG. 1 at a later time in a third embodiment of the production 
method; 

25 FIG. 8 is a fragmentary, cross-sectional view of the trench of 

FIG. 7 at a later time in the third production method; 
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FIG. 9 is a fragmentary, cross -sectional view of the trench of 
FIG. 8 at a later time in the third production method; and 

5 FIG. 10 is a fragmentary, cross -sectional view of the trench 
of FIG. 9 at a later time in the third production method. 

Description of the Preferred Embodiments ; 

^ In the figures of the drawings, unless stated otherwise, 

P 

QlO identical reference symbols denote identical parts. 

SI 

m 



i3 



Referring now to the figures of the drawings in detail and 
first, particularly to FIG. 1 thereof, there is shown a first 

fy 

n\ embodiment of the invention with a trench 1 formed m a 

g 

015 substrate 2 . A mask oxide layer 5 and a mask nitride layer 6 
are utilized for etching the trench 1, these being deposited 
on the substrate and structured. The trench 1 and the mask 
nitride layer 6 are covered with an undoped silicon oxide 
layer 4. The term *^undoped silicon layer" refers overall to a 
20 silicon oxide layer in which the dopant concentration is under 
10^® cm'^. Doping under 10^® cm"^ is considered weak and has no 
measurable effect on the underlying invention. On its part, 
the silicate glass fill 3 covers the undoped silicon oxide 
layer in the trench 1 and on the mask nitride layer 6. 

25 
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The first variant of the inventive method for producing a 
trench capacitor will now be described with reference to FIG. 
1. The substrate 2 in which the trench 1 is to be formed is 
prepared. In the variant / the substrate 2 is slightly doped 
with p-type dopants such as boron. A mask oxide layer 5 and a 
mask nitride layer 6 are deposited on the substrate 2 and 
structured. Next, in an etching step, the trench 1 is etched 
into the substrate. An undoped silicon oxide layer 4, for 
instance, a layer 3 nm thick, is deposited in the trench 1 and 
on the mask nitride layer 6 in an integrated processing step. 
The deposition can be accomplished with a CVD process 
utilizing tetra ethyl orthosilicate (TEOS) as a starting 
substance, which is carried out at 635° C for three minutes. 
Doped TEOS is added as the starting material for the CVD 
deposition during the processing step for the deposition of 
the undoped silicon oxide layer 4, so that during the 
subsequent deposition process at 635° C for 45 minutes, a doped 
silicate glass fill 3 is deposited in the trench 1 and on the 
mask nitride layer 6 . 

With reference to FIG. 2, first a varnish fill 7 is poured 
into the trench. Next, the varnish fill 7 is sunk into the 
trench 1 to between one- tenth and one-half the trench depth. 
The sinking can be carried out with a plasma process that 
utilizes acid and/or nitrogen at 175° C. Next, the silicate 
glass fill 3 and undoped silicon oxide layer 4 are also sunk 
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into the trench. Buffered hydrofluoric acid (BHF) in a ratio 
of 88:10:2 of water : ammonia : hydrofluoric acid (H20:NH4:HF) 
can be applied for 30 seconds to accomplish the sinking. 

5 With reference to FIG. 3, first the varnish fill 7 is 

completely removed from the trench, which can be carried out 
with PIRANHA, this being a matter of concentrated sulfuric 
acid (H2SO4, 95%) with a temperature of 110° C. 

w 

giO Next, an oxide cover layer 8 is deposited in the trench 1 and 

-A. 3 

p on the mask nitride layer 6 , The oxide cover layer 8 is 

^fl realized with a CVD method that utilizes TEOS as the starting 

H 

1. material . 

Q 

ly 
sy 
O 

rt5 FIG. 4 represents the result of a temperature step at 

5 

approximately 1,000° C for 90 minutes in a non-oxidizing 
atmosphere. The buried plate 9 is formed with the dopant from 
the silicate glass fill 3, achieved by the outdif fusion of 
dopant. Next, the oxide cover layer 8 and the silicate glass 
20 fill 3 are removed from the trench 1, which can be 
accomplished with BHF in a ratio of 88:10:2. 

The method for producing a trench with a buried plate 9 that 
has been described in connection with FIGS. 1 to 4 has the 
25 advantage that no dopant residues remain in the upper region 
of the trench 1. 
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According to the second variant of the inventive method for 
producing a trench with a buried plate, the stage of 
processing represented in FIG. 1 is followed by the 
development represented in FIG. 5. The trench 1 is filled 
with sacrificial silicon 12. The sacrificial silicon 12 may- 
be polysilicon that is produced in a CVD process at 550° C 
utilizing silane, i.e., disilane, as the starting material. 
Next, the doped silicate glass fill 3 and the undoped silicon 
oxide layer 4 are removed from the upper region of the trench 
1. The removal is carried out with another buffered 
hydrofluoric acid in a ratio of 500:1 of ammonia : 
hydrofluoric acid for 2 minutes, 2 0 seconds. In another 
processing step, an insulating collar 10 is formed by 
depositing an oxide layer and etching back, for instance, in a 
CVD process . 

With reference to FIG. 6, the configuration is subjected to a 
temperature step, which first forms 5 nm oxide and then 
condenses the insulating collar 10 at 1,000° C for 90 minutes 
in a nitrogen atmosphere, allowing the dopant to diffuse out 
of the silicate glass fill 3 into the substrate 2, so that the 
buried plate 9 forms. 

Next, in a reactive ion etching step (RIE) the insulating 
collar is etched, and, in a second reactive ion etching step, 
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the sacrificial silicon 12 is removed from the trench 1. In 
the next step, the silicate glass fill 3 including the undoped 
silicon oxide layer 4 which can be considered doped at this 
stage of processing as a result of the dopant diffusion is 
removed, for instance, with buffered hydrofluoric acid in a 
ratio of 500:1 of ammonia : hydrofluoric acid for 4 minutes, 
10 seconds. 

FIG. 7 represents a third variant of the inventive method for 
producing a trench 1 with a buried plate 9. The method is 
carried out subsequent to the processing stage represented in 
FIG. 1- After the silicate glass fill 3 is formed, in the 
integrated processing step the temperature is raised from 635° 
C to 650° C, and 20 nm of undoped silicon oxide 11 is deposited 
in 15 minutes in a CVD TEOS process. 

With reference to FIG. 8, a varnish fill 7 is first poured 
into the trench 1. Next, the varnish fill 7 is sunk to the 
level represented in FIG. 8, and in a subsequent etching 
process the silicate glass fill 3 and the undoped silicon 
oxide layer 4 are removed from the upper region of the trench 
in 30 seconds with the aid of a buffered hydrofluoric acid 
etching with a water : ammonia : hydrofluoric acid (H20:NH4:HF) 
ratio of 88:10:2. 
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With reference to FIG. 9, the varnish fill 7 is removed from 
the trench 1 with PIRANHA. 

With reference to FIG. 10, in a non-oxidizing temperature 
5 step, the dopant from the silicate glass fill 3, which is 

located in the lower region of the trench 1, is diffused into 
the substrate 2 through the undoped silicon oxide layer 4, 
thereby forming the buried plate 9. The temperature step is 
carried out at approx. 1, 000"^ C for 90 minutes in a nitrogen 

Q 

:^0 atmosphere. In the subsequent processing step, the silicate 




be considered doped at this point, are removed by a buffered 



glass fill 3 and the undoped silicon oxide layer 4, which can 



ru 

m 



hydrofluoric acid etching procedure. 



Q 
O 



-15- 



